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(54) [Title of Invention] Method for the production of Al alloy spring material 
(57) [Summary] 

[Problem] To provide a method for the production of Al alloy spring material with improved 
initial setting and capability to check the deterioration of spring force with the passage of time. 
[Solution] A method wherein the Al alloy containing 0.3~2.0wt% Mg, 0.1~1.5wt% Si, 
0.1~3.0wt% Cu and, if necessary, 0.01~1.5wt% Mn and, if further necessary, at least one of the 
constituents selected from the group comprising 0.01— 0.5wt% Cr, 0.01~0.2wt% Zr, 
0.01~0.2wt% V, 0.01~0.2wt% Sc, 0.001~0.2wt% Ti and 0.0001~0.05wt% B, and the rest Al and 
the inescapable impurities is formed into the desired shape and the resultant compact is subjected 
to heat treatment at 40~200°C for <10 hours. 
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[Claims] 

[Claim 1] A method for the production of Al alloy spring material, wherein the Al alloy 
containing 0.3~2.0wt% Mg, 0.1~1.5wt% Si, 0.1~3.0wt% Cu and, if necessary, 0.01-1. 5wt% Mn 
and, if further necessary, at least one of the constituents selected from the group comprising 
0.01~0.5wt% Cr, 0.01~0.2wt% Zr, 0.01~0.2wt% V, 0.01~0.2wt% Sc, 0.001~0.2wt% Ti and 
0.000 1-0. 05wt% B, and the rest Al and the inescapable impurities is formed into the desired 
shape and the resultant compact is subjected to heat treatment at 40-200°C for <10 hours 
[Claim 2] The method for the production of Al alloy spring material of claim 1, wherein a 
chemical conversion coating or resin coating or both are formed on the surface of the Al alloy 
before fonning its said compact 
[Detailed Explanation of the Invention] 
[0001] 

[Technical Field of the Invention] The invention deals with a method for the production of Al 
alloy spring material, suitable for electronic equipment such as reel spring for magnetic 
recording tape cassette, etc., with improved initial setting and capability to check the 
deterioration of spring force with the passage of time. 
[0002] 

[Existing Technology] Conventionally, stainless steels such as non-magnetic rustproof SUS304, 
etc., are used in the material constituting the slip-preventing plate spring 20 in a pair of reels 10 
of the magnetic recording tape cassette shown in fig. 1 . Nevertheless, it is desirable to produce 
the plate spring 20 from the light and low-cost Al alloy spring material, because the stainless 
used therein is heavy and costly. 

[0003] During the use of magnetic recording tape cassette, temperature inside the deck increases 
to 40— 70°C. Therefore, if ordinary Al alloy materials such as 3003 alloy, 5182 alloy, etc., are 
used as spring material, the spring force deteriorates with the passage of time. 
[0004] Problems of the magnetic recording tape cassettes are not limited only to the rise of 
temperature during their use; there is general trend to miniaturize and make light-weight 
electronic equipments. 



2 



I 




[0005] Investigations are being carried out to check deterioration of spring force with the passage 

of time due to the rise of temperature during its use by adding soluble element to the Al alloy and 

finely dispersing the sludge therein, but the desired effect has not yet been obtained. 

[0006] Al alloy spring material, when pressed a number of times after the spring formation, 

poses the problem of "initial setting" (wherein the spring undergoes local plastic deformation), 

besides the above-mentioned problem of deterioration of spring force with the passage of time. 

[0007] Initial setting of the material can be improved by increasing its bearing force. However, 

when bearing force of the existing material is increased by cold-working, its residual stress after 

spring formation increases and deterioration of the spring force with the passage of time becomes 

severe. 

[0008] 

[Problem to be solved by the Invention] Under the given circumstances, the objective of the 
invention is to provide a method for the production of Al alloy spring material with improved 
initial setting and capability to check the deterioration of spring force with the passage of time. 
[0009] 

[Steps for solving the Problem] To achieve the said objective, the inventors examined various 
measures of checking deterioration of the properties of the Al alloy spring material during its use 
such as the increase of the quantity soluble element in the Al alloy, fine dispersion of the sludge 
therein, etc. Consequently, it was found that, when the material is subjected to heat treatment at 
low temperature after its formation so as to control the deterioration of spring force with the 
passage of time, its residual stress is released almost without any change of solid solution and 
precipitation state as a result of which not only its initial setting is improved, but its capacity to 
check the deterioration of spring force with the passage of time is also improved; on the basis of 
the obtained results, this invention was established. 

[0010] Precisely, the invention provides a method for the production of Al alloy spring material, 
wherein the Al alloy containing 0.3-2. 0wt% Mg, 0.1~1.5wt% Si, 0.1~3.0wt% Cu and, if 
necessary, 0.01— 1.5wt% Mn and, if further necessary, at least one of the constituents selected 
from the group comprising 0.01~0.5wt% Cr, 0.01~0.2wt% Zr, 0.01~0.2wt% V, 0.01~0.2wt% Sc, 
0.001~0.2wt% Ti and 0.0001~0.05wt% B, and the rest Al and the inescapable impurities is 
formed into the desired shape and the resultant compact is subjected to heat treatment at 
40~200°C for <10 hours. 
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[0011] To produce the Al alloy spring material according to the method of this invention, it is 
desirable to carry out the said heat treatment at 80-1 80°C for 0.5-8 hours. Moreover, it is also 
desirable to form chemical conversion coating or resin coating or both on the surface of the Al 
alloy before forming its said compact. 
[0012] 

[Mode of Execution of the Invention] The Al alloy spring material of this invention contains Mg, 
Si and Cu as essential elements. When temperature increases during the use of material, the 
essential elements precipitate therein and check the deterioration of its spring force with the 
passage of time. 

[0013] When Mg content is less than 0.3wt%, its effect is inadequate and, when it is >2.0wt%, 
strength of the material is very high as a result of which cold-workability deteriorates and 
thereby the mass productivity also deteriorates. Therefore, the Mg content must by 0.3-2. 0wt%. 
Nevertheless, it is desirable to use 0.6-1. 8wt% or preferably 0.8— 1.8wt% Mg. 
[0014] When Si content is less than 0.1 wt%, its effect is inadequate and, when it is more than 
1.5wt%, strength of the material is very high as a result of which cold-workability deteriorates 
and thereby the mass productivity also deteriorates. Therefore, the Si content must by 
0.1-1.5wt%. 

[0015] As mentioned earlier, Cu is the most important alloying element. When its content is less 
than 0.1 wt%, its effect is inadequate and, when it is more than 3.0wt%, the cold- workability 
deteriorates and thereby the mass productivity also deteriorates. Therefore, the Cu content must 
be 0.1-3.0wt%. Nevertheless, it is desirable to use 0.4-2. 0wt% or preferably 0.4-1.2wt% Cu. 
[0016] If necessary, Mn should be added to the Al alloy spring material of this invention. 
[0017] Mn checks initial setting by increasing the bearing force; it is not accompanied by the 
deterioration of spring force with the passage of time. When its content is less than 0.01wt%, the 
improvement of bearing force is inadequate and it is not useful for improving the initial setting. 
On the other hand, when it is more than 1.5wt%, massive crystalline product is formed and 
fatigue properties deteriorate. Therefore, the Mn content must be 0.01— 1.5wt%. 
[0018] If it is further necessary, it is desirable to add 1 or more elements selected from the group 
comprising Cr, Zr, V, Sc, Ti and B to the Al alloy spring material of this invention. 
[0019] Each of the said selected elements Cr, Zr, V, Sc, Ti and B makes the recrystallized grains 
fine and prevents the roughening of grains during press forming of the material into spring. 
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[0020] The contents of these alloying elements are prescribed as 0.01~0.5wt% Cr, 0.01~0.2wt% 
Zr, 0.01~0.2wt% V, 0.01~0.2wt% Sc, 0.001~0.2wt% Ti and 0.0001~0.05wt% B. The reason is 
that if their respective quantity is reduced below the specified limit, adequate refining effect is 
not obtained and, if increased beyond the specified limit, corrosion resistance and workability of 
the resultant material deteriorate. 

[0021] According to the invention, when bearing force of the material is 0.2%, its initial setting 
shows increasing tendency at <300Mpa and deterioration of spring force with the passage of time 
shows slightly increasing trend at >450Mpa. Therefore, it is desirable to maintain it at 300MPa 
~ 450MPa. 

[0022] Corrosion resistance and press-forming characteristics of the Al alloy spring material of 
the invention explained above can be improved by forming chemical conversion coating or resin 
coating or both on its surface. 

[0023] The chemical conversion coating can be formed by carrying out the chromic acid 
chromate treatment, phosphoric acid chromate treatment, etc. Resin coatings comprise the 
epoxy-based, acrylic-based, vinyl chloride-based, urethane-based resin coatings, etc., and the 
resin coatings obtained after mixing lubricating agents such as wax, etc. 

[0024] When both the above-mentioned coatings are to be formed, normally, the resin coating 
should be formed above the chemical conversion coating. When the two coatings are formed by 
putting one over the other, corrosion resistance and press-forming characteristics of the material 
are further improved. Thickness of the chemical conversion coating or resin coating or of both 
should be <10jam so that the foreign matter does not stick during press forming. 
[0025] It is desirable to carry out baking of the resin coating at <260°C, because above 260°C the 
quantity of supersaturated solid solution of alloying elements is reduced and the improvement of 
capability to check deterioration of spring force with the passage of time becomes impossible. 
The method for the production of Al alloy spring material of this invention described above is 
explained below. 

[0026] According to the method of this invention, first the Al alloy plate is subjected to solution 
annealing. The Al alloy plate to be subjected to solution annealing comprises any ingot or rolled 
plate having the desired alloy composition, for example, the DC casting ingot, the plate obtained 
by hot rolling of this ingot, the plate obtained by cold rolling of the said hot-rolled plate, the plate 
obtained by continuous cast rolling, the plate obtained by cold rolling of the said continuous cast- 
rolled plate, etc. 
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[0027] In the said solution annealing process, the alloying element can be dissolved to 
supersaturation level and a part of the supersaturated solution element can be precipitated therein 
by cooling the solution at the prescribed cooling rate after the solution annealing or by ageing 
treatment under the stipulated conditions so as to increase the bearing force and prevent initial 
setting and the remaining part of the supersaturated solution element can be precipitated on the 
rise of temperature (for example 40— 70°C) during the use of the material so as to check 

» 

deterioration of the spring force with the passage of time. 

[0028] The solution annealing must be carried out at 400~550°C. The reason is that, below 
400°C, the alloying element is not dissolved sufficiently to form supersaturated solution and, 
above 550°C, localised melting of the alloy plate takes place. 

[0029] The quantity of each element in the supersaturated solid solution can be maintained and 
deterioration of the spring force with the passage of time can be controlled by cooling it quickly 
to <100°C at the cooling rate >100°C/min after solution annealing. Moreover, the bearing force 
can be increased by cold-working and further improved by ageing treatment. 
[0030] The ageing treatment must be carried out at 80-1 80°C for l~10hours. The reason is that, 
even when the processing temperature is less than 80°C and even when the ageing time is less 
than 1 hour, it is difficult to considerably increase the bearing force. And even when the 
processing temperature is more than 180°C and even when the ageing time is more than 10 hours, 
the degree of supersaturation falls, the precipitation of elements during the use of material 
decreases and it is difficult to control deterioration of the spring force with the passage of time. 
[0031] If the material is subjected to natural ageing at 30~70°C for >lhour before the said ageing 
treatment, bearing force by the ageing treatment further improves. Therefore, it is preferable to 
carry out the natural ageing. Basically, the method wherein the rolled material is rolled into coil 
at >70°C using the heat generated during cold rolling and the ageing treatment is carried out by 
slow cooling of the coil can be used. To increase surface temperature of the rolled material 
during coil forming to >70°C, either the time in between the cold rolling passes can be shortened 
or the rolling rate of 1 pass can be increased. In the case of the multi-pass cold rolling, it is 
sufficient to carry out the high- temperature rolling at 1 pass only. 

[0032] The Al alloy plate obtained in the above-mentioned manner can be subjected to at least 
one of the processes from the said chemical conversion coating process and the resin coating 
process carried out by baking at <260°C. 
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[0033] Next, the resultant Al alloy plate can be moulded into the desired shape. At this stage, the 
residual stress develops inside the moulded product. The residual stress increases in proportion to 
the bearing force of the material, but deterioration with the passage of time takes place in the 
state wherein the material is used under applied load. 

[0034] In view of the above, in the new method, after moulding process, the product is subjected 
to heat treatment at 40~200°C for <10hours. The reason is that, by the said heat treatment, the 
residual stress is released and deterioration of the spring force with the passage of time during 
the actual use of the material is controlled. 

[0035] If the said heat treatment is carried out below 40°C, its adequate effect is not produced. 
On the other hand, if it is carried out above. 200°C, the initial spring force decreases. Moreover, 
even when the heat treatment is carried out for more than 10 hours, the initial spring force 
decreases. 

[0036] The method wherein the moulded product is put into air furnace and subjected to the 
prescribed heat treatment can be used as the heat treatment method. Nevertheless, the required 
heat treatment can also be carried out by the degreasing method wherein the moulded product is 
subjected to steam degreasing, hot-water degreasing, etc. 
[0037] 

[Execution Examples] The invention is further explained with the help of the execution examples 
given below. 

[0038] Six types of alloys a ~ f having the compositions given in Table 1 were subjected to 
dissolution, casting, homogenization treatment and hot rolling to obtain the respective 4mm thick 
hot rolled plates. Compositions of the alloys a ~ c correspond to those of the invention and of d ~ 
f to those of the comparison examples and existing example. 

[0039] Next, the hot-rolled plates were subjected to cold rolling to obtain 1.0mm thick respective 
cold-rolled plates. The resultant cold-rolled plates were subjected to solution annealing and 
hardening in annealing furnace (CAL); after the attainment of temperature 500°C, the objects 
were cooled to 100°C with an average cooling rate 800°C/min. 

[0040] The resultant samples were subjected to cold rolling to obtain 0.5mm thick plate material. 
The plate material was kept at 60°C for 3 hours (natural ageing) and then at 120°C for 3 hours to 
carry out ageing treatment to obtain the spring material. The spring material was subjected to 
press-forming to obtain 14mm plate spring with rising height hi (20) as shown in Fig. 2. 
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[0041] The obtained plate springs were degreased in hot water at 100°C for about 10 hours. Next, 
they were subjected to heat treatment at 80°C for 8 hours in a furnace. The plate springs without 
heat treatment were treated as comparison samples. The samples having the alloy composition 
different from those of this invention, even after heat treatment, were used for comparison. 
[0042] The plate springs obtained by conducting the experiments of the execution and 
comparison examples were examined to find out their tensile strength, 0.2% bearing force, 
elongation, initial setting (spring rising height) and deterioration of spring force with the passage 
of time. 

[0043] Initial setting was evaluated by putting 1kg weight for 5 seconds and then taking it off for 
10 times and then determining rising height of the spring. When 1kg weight was put on the 
spring, it became flat with the rising height 0. 

[0044] Deterioration of the spring force with the passage of time was evaluated by determining 
the spring force Fi after pressing down the spring up to 2mm height, next putting 1kg weight on 
this spring, keeping it for 14 days at 70°C, determining the spring force F2 by the same method 
and then determining P (the spring force deteriorating rate) by substituting the obtained values in 
the equation P = [(Fi - F 2 ) / Fi] x 100%. The samples with more than 20% spring force 
deteriorating rate were treated as unusable. 

[0045] The obtained results are given in Tables 1 and 2. Characteristics of the 0.3mm thick 
SUS304 plate spring are also given therein as existing example. 



[0046] 

Table 1 





Alloy 
comp. 


Mg 


Si 


Cu 


Mn 


Cr 


Zr 


V 


Sc 


Ti 


B 


Tensile 
strth. 
MPa 


0.2% 
bearing 
force 
MPa 


Elongation. 
% 


TI 


a 


1.5 


0.5 


1.2 


0.1 










0.01 


0.002 


443 


421 


6.5 


TI 


b 


0.8 


0.12 


0.4 


0.4 




0.08 






0.01 


0.002 


388 


368 


7.8 


TI 


c 


1.5 


0.5 


0.4 


1.3 










0.01 


0.002 


470 


452 


5.9 


CE 


d 


2 




0.1 


0.2 


0.05 








0.01 


0.002 


477 


431 


5.9 


CE 


e 


1 


0.12 




0.4 




0.07 






0.01 


0.002 


380 


332 


8.1 


EE 


f 


O.mm thick SUS304 plate spring 


820 


515515 


9.5 



[TI = This invention; CE = Comparison example; EE = Existing example] 



8 



I 




[0047 

Table 2 





All 

Alloy 
composition 


Spring rising 
height 


Heat treatment after 
forming 


Spring force (gf) 


Spring force 
deterioration 

f _ /-<)/ \ 

rate (%) 


Initial 


After 1 4 days 


inis invention 


a 


lU.lmm 


ol) Ixo nours 


214 


205 




inis invention 


a 


1 U. 1 mm 


1UU Ix l hour 


217 


207 


4.0 


Lomp. example 


a 


1U. 1mm 


No treatment 


221 


202 


o.O 


1 nis invention 


D 


y.ymm 


ol) txo nours 


189 


176 


o.y 


inis invention 


t_ 
0 


y.ymm 


100 Ix 1 hour 


i m 

193 


177 


O.J 


Lomp. example 


u 

D 


9.9mm 


No treatment 


196 


177 


Q "7 


This invention 


C 


10.5mm 


80°C x 8 hours 


230 


219 


4.8 


This invention 


C 


10.5mm 


100°Cx 1 hour 


233 


220 


5.6 


Comp. example 


C 


10.5mm 


No treatment 


238 


216 


9.2 


Comp. example 


d 


10.1mm 


80°C x 8 hours 


214 


108 


49.5 


Comp. example 


d 


10.1mm 


100°Cx 1 hour 


216 


107 


50.5 


Comp. example 


d 


10.1mm 


No treatment 


220 


98 


55.5 


Comp. example 


e 


8.5mm 


80°C x 8 hours 


171 


80 


53.2 


Comp. example 


e 


8.5mm 


100°Cx 1 hour 


176 


78 


55.7 


Comp. example 


e 


8.5mm 


No treatment 


182 


75 


58.8 


Existing example 


f 


11.2mm 


228 


219 


3.9 



[0048] It is clear from the results given in table 2 that the samples having the composition 
specified by this invention and subjected to heat treatment after the formation process exhibit 
improvement with regard to the deterioration of spring force with the passage of time (spring 
force deteriorating rate) in comparison to the samples not subjected to heat treatment after the 
forming process and in comparison to the samples not having the composition specified by this 
invention but subjected to heat treatment after the formation process. 
[0049] 

[Result of the Invention] As explained above in detail, the invention enables to obtain the Al 
alloy spring material with improved initial setting and capability to check deterioration of the 
spring force with the passage of time. The obtained Al alloy spring material is suitable as plate 
spring for preventing the slip of reel of the magnetic tape cassette and as spring material usable 
in different electronic equipments. Moreover, the spring material of this invention can be easily 
obtained by using common methods and specifying the required conditions therein. Therefore, 
the invention has excellent industrial applications. 
[Simple Explanation of the Figures] 

[Fig. 1] Diagram showing the plate spring useful for preventing the slip of reel in magnetic tape 
cassette 

[Fig. 2] Plane diagram and side diagram of the plate spring used in the magnetic tape cassette 
[Explanation of Symbols] 
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10 Reel 

20ooo Plate spring for preventing the slip 
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